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ABSTRACT
There are few places in the World where 
the c l im a t e  allows life to take place 
without pro te ct i o n  from the el ements.
The need to control and improve human 
living co ndi tio ns,  is one of the major 
reasons for the e x i s t e n c e of buildings.
No m a tt e r  how we appro ach  the subject, 
through scientific, p hys iol ogi cal
c o n s i d e r at io n s  or via a cc u mul ate d 
e x p e r i e nc es  and tradition, bui lding 
design must have an integr ate d 
c o r r e l a t i o n  with its e nvi ron men t, sustain 
"q uality of life".
The bu ild in g form and env e l o pe  should be 
used as a me dia to r between c li ma t e  and 
people, provi din g confort by natural 
energy flows.
Energy appears as a s tan dpo int  from which 
to better u nder sta nd bui ldi ng design, 
making possib le the balanc e b etw een  the 
inner and outer realities.
This thesis brings toget her  key articles, 
and r efe ren ces  that offer the basic 
d ir e c t io ns  n e c e s s a r y  for re asoned 
approach to e ne rg y  c o n s cio us design.
Four design co nc e p t s  are pr e s e n t ed  to
e x e m p l i f y  some of the att itu des  which can 
be taken to improve c o mfo rt condi tio ns 
using passiv e means.
Four regions with the most significant 
clim ate s in so uth ern  A f ri c a  were chosen, 
and their c l i m a ti c des ign  data analysed 
to be part of f u n d amen tal  informat ion  for 
the concept of the four houses.
A c omp ute r p ro gr a m  was used to test their 
thermal p er fo m a n c e.  Results are 
p r e s e n t e d .
The in ten tio n of this study is to bridge 
inform ati on gaps betw een  research and 
pr act ice  and to c o mm u n i c a t e  with anyone 
in terested and in vo lv e d  - as we all 
should be - in the still un det ermined 
impact of energy r e so u r c e c o n s t rai nts  on 
our lives.
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po si ti v e  critici sm.
Prof Dennis Radford, D e p a rt m e n t  of 
A r ch it ec t u r e , Uni ve r s i t y of the 
W i t w a t e r s r a n d , for his practical advice 
and help.
M r.  G e r a l d  G o r d o n ,  D e p a r t m e n t  o f  
A r c h i t e c t u r e ,  U n i v e r s i t y  o f  t h e  
W i tw a t e r s r a n d ,  for his a ss i s t a n c e  1 .1 the 
CAD Laboratory.
I a l s o  w a n t  to a c k n o w l e d g e  m y  
a pp r e c i a t i o n  for the a ss is t a n c e  obtained 
from the f o ll owi ng persons in alp ha be t i c  
■ ordt f :
All the Staff of the D e p a r t m e n t  of 
A rc h i t ect ure , U ni ver sit y of The 
W i t w a t e r s r a n d , many frie nds  and 
coll eag ues , who during the c ou r s e  of my 
research helpei and e nc o u r a g ed  me.
Prof. B a r r i e  B i e r m a n n ,  D e p a r t m e n t  of 
A r ch i t e ct ur e ,  U ni ve r s i t y of Natal
Mr. Brian Altihuler. D ep a r t m e n t  of 
A rc hit ect ure , U niv e r si ty  of the 
Wi t wa ter sra nd
Prof. Brian Kearney, D ep a r t m e n t  of 
Ar ch it e c t ur e,  U n i v e rs it y of Natal
Prof Dieter Holm, D e p ar t m e n t  of 
A rc hit ect ure , U niv e r s it y of Pr eto ria
Mr. Gabriel Fagan, Arch. Cape Town
Mr. rienk M a n t e l ,  D e p a r t m e n t  0 f 1 B u i l d i n g  
Science, U n i v e r s i t y  of the W i t w a t e r s r a n d
Mr. l.M.Cochran, D ep a r t m e n t  of Qua nti ty 
Surveying, U n i v e r s i t y  of the
Wi twatersrand
Mr. Paul Mikula, Mik ul a and Johnson 
Architects, Durban
Mr. Revel Fox, Revel Fox and Partners, 
Cape Town
Mr. Rodney Harber, D e p ar tm en t  of 
Ar chitecture, U n iv e r s i t y  of Natal
F i n a l l y  1 w o u l d  l i k e  to e x p r e s s  my 
i n d e b t e d n e s s  to t h e  H u m a n  R e s e a r c h  
Council and to the Council for Scientific 
and I n d u r t r i a l  R e s e a r c h ,  w h o  bv t h e i r  
g e n e r o u s  b u r s a r i e s  m a d e  it p o s s i b l e  for 
me to d e d i c a t e  mysefi f u l l - t i m e  to the 
c o m p l i t i o n  o f i m y  M aster"s Degree.
LIST OF 7ABLES
Table.n" Descr i pt i on Page n°
1 . Main V ege t a ti on  Zones 56
2 . Mo di f i e d  Koppen Climate
C l a s s i f i ca ti o n 58
3. Cl imatic Design Data
Four Cities 90
4. Climate Design D ec is ion s
and Des ign  date 94
5. Summa ry of R eq uir eme nts  
for B uilding Form in
Re lation to Climate 95
6 . Wind Speed and Sand
Movement 100
7. C o m p a r a t i v e  Study of 
Bu ild ing  Mater ial s and
its Areas 1 75
8 . Bui ldi ng Const ruc tio n
Deta i 1 s 177
9. Cl oth ing  and Ac tivity 
Values and Wind Velocity,
its effect on Man 186
>
©
LIST ,F GRAPHS
G r a p h . n° Description Page n°
1 . Comp ara tiv e Study of 
Rainfall T em p e r a t ur e and
humidity 91
2 . Comparat ive  Study of 
Global Solar Ra diation on
Vertical Surface 92
3 C omparative study of
surface winds. 93
THZRMAL ANAlYSIS SIMUlAT ION GRAPHS
4. Keet ma ns n o o p  - Summer 167
5. - Wi nter 168
6 . Durban - Summer 169
7. - Winter 1 70
8 . Jo han nesburg - Summer 17'.
9. - Winter 1 72
1 0 . Cape Town - Summer 1 73
11 . " - W i n t e r 1 74
©
*
LIST OF CHARTS 
T HE RM AL  COMF ORT  CHARTS
l h a r t . n 0 Des cr ip t i o n  Page n°
1. Key Chart 185
2. K e e t m a n s h o o p - H o t  Season 187
3. '• Cold Season 188
4. Durban - Hot Season 191
5. - Cold Season 192
6 . J o h a n n e s b u r g - H o t  Season 194
7. " Cold Season 195
8 . Cape fown - Hot Season 197
9. " - Cold Season 198
I
©
LIST OF FIGURES
Fig.n° Descri ption Page n°
1 . Egyptian Sky Goddes s Nut 2
2 . Aztecs 2
3. St onehenge 3
4. Temple of Karnak 3
5. Pantheon 3
6 . Osiris 4
7. T ut -an k h -A mm c n  and Queen
Inkhenpaaten 4
8 . Mape of Indian m i g ra t i o n
across the Am eri can
Cont i nent 7
9. Ig loo 8
1 0 . Typical Indian d we ll i n g s  in
the cool /one of America 9
11 . The Wigwam 9
1 ?. Typical communal str uct ure
in the hot and dry zone of
Amer i ca 10
13. Pueblo Bonito - Cal if o r n i a 10
14. Typical Indian d wel l i n g
in the hot humid zone of
America 11
15. Malay House 1 2
16. Malay House - shutters 14
17. Typi c a 1 pit d w e 1 1 i ng
in Tunisia 16
18. Inside of pit d w e 1 1 i ng
in Tuni si a 1 7
19. African dwe l l i n g (S.A.) 18
2 0 . African d w e l l i n g  (S.A.) 18
LIST OF FIGURES
--------------------------- — I
F i g . n” Description Page n°
1 . Egyptian Sky Godde ss Nut. 2
2. A/tecs 2
3. Stoneh eng e 3
4. 'duple of Karnak 3
5. Pantheon 3
6 . Osiris 4
7. T u t -ankh- Amm on and Queen
1 nkhenpa ate n 4
8 . Mape of Indian m i g r a t i o n
across the A merican
Cont i nent 7
9. Igloo 8
1 \0 . Typical Indian d w el l i n g s  in
the cool zone of A me ric a 9
11 . The Wigwam 9
1 2 . Typical communal stru ctu re
in the hot and dry /one of
A m e r 1ca 10
13. Pueblo Bonito - C a l i f o rn ia 10
14. Typical Indian dw el li n q
in the hot humid zone of
America 11
IS. Malay House 12
16. Malay House - shutte rs 14
17. T y p l c a 1 pit dwe 11i ng
in Tunisia 16
18. Inside of pit d we ll in g
in Tunisia 17
19. African dw ell ing  (S.A.) 18
2 0 . African d we ll i n g  (S.A.) 18o
l i s j  or FIGURES (cont.)
Fig.n" Description Page n"
i ?i d ) . African Grass Beehi ve
(S.A.) 18
21 b). Detail of Grass Beehi ve
(S.A. ) 19
22 a). Portuguese D w e l l i n g- N o r t h
Region 19
22 b). P ortuguese Dwelling - detail
of fire place 19
23 a). Portug ues e D w e l l i n g - S o u t h
Reg i on 20
23 b). Detail of lettuce Door 20
24. Sturges House 30
25. Gropius Study of sun
penetrati on 31
26. Plan of "Une Ville 
Contempor air e" - Le
Corbusier 32
27. Ca rthage House 33
28 a). Alger Housing 33
28 b). Detail Section of Alger
Housing 34
29. Sketch on
Cl im at e / A r c h i t e c t u r e  rela
tionship - V. and 0. O lg y a y 30
30. Man mea sur ing  shadow of rod
31 . A 1 1 i tude Dial 40
32. Compass Oial 41
33. Quadrant Sundial 42
34 . Ring Dial 43
35. Greco-R oma n Gno nom  Sundia 43
LIST OF FIGURES (cont. ) 
f _l9_Ln !L Description Page n°
36. Roman Por t a b le  Dial 44
37. H emic ycl ic Dial Pompeii 1854 44
38. Shephe rd Dial 45
39. Ma gne tic  Sundial - Dupois
Blond 1686 46
40 a). Butterf iel d Sundial 46
40 b). Sty-Ax e of a B u t t e r f i e l d ' s  47
41. Astronomical Ring Dial
- E 1 i as A1len 47
4?. English Astronomical Ring
Dial 48
43. M u l t i p l e D i a l  49
44. World Map - Veg et at i o n
Zones 54
45. World Map - C lim ate
Di str ibut ion 55
46. S.A. Map - Surfac e Winds 64
47. S.A. Map - A tm os p h e r ic  
Mois tu re  65
48. S.A. Map - Summer 
Co nve rg in g  a i r- st r e a m  69
49. S.A. Map - Isobars 72
50. S.A. Map - Mean annual 
sunshine (hours/day) 74
51. S.A. Map - Mean annual 
p re ci pi tat ion  75
52. S.A. Map - Rainfall 77
53. S.A. Map - Thunder 
Occurr enc e 79
L I S T  OF F I G U R E S  (cont. )
Fig.n** D e s c r i p t i o n_______________ _____  Page n '
54. S.A. Map - Mean d a i l y 
maxi mum t e m p .
55. A bso l u te  T e m pe r a t u re  Minima 80 
for some S.A. Sta t i on s 74
56. D ifferent forms of w i n d b o r n e
sand 100
57. Typical Middle East ern  Wind
Scoop 190
©
MflM
LIST OF DRAWINGS
Dwj.n ° Des c r i p ti on Page n°
1 . Nami bia  House - plan and
South E levation 11 3
2 . Namib ia House - Secti on and
North Elevation 114
3. Namib ia House - Roof Plan
and Side Elevation 115
4. Nami bia  House - A x o no m e t r i c 116
5. Durban House - Plan; East
and West Elevation 1 31
6 . Durban House - Roof Plan;
Sect ion  and Side E l ev ati on 1 32
7. Durban House - A x on om etr ic 1 33
8 . J o h a n n e s b u r g  House - Pi?n;
North and South E levation 1 34
S. J o h a n ne sb u r g  House - Roof 
Plan; West E l e vati on and
two Sections 146
1 0 . J oh an n e s b ur g House
Ax onomet r i c 147 |
1 1 . Cape Town House - Plan;
North Elev ati on and Section 148
1 2 . Cape Town House - Roof Plan; 
South E levation and Side
E 1 evat ion 162
13. Cape Town House 163
A x o n ome tri c 164
14. Plan of Standard S.A. House
----------------------
All D rawings by Author.
T A B L E S  S O U R C E T H E R M A L  C O M F O R T  C H A R T S  S O U R C E
Tab 1e n '
1 .
2 .
3.
Source Chart Source
4.
5.
6 . 
7. 
3. 
9.
Housing Clima te and Comfo rt by Key Chart 
Martin Evans p . 44 
op ci t . p .45
Climatic Design Data by J.
Wentzel, R.J. Pa ge- Shipp,
Kruger and D.H. Meyer 
N .B .R . I . p .8 and p . 1 1 
Housing Climate and Comfort 
Martin Evans p . 50 
op ci t . p . 74 
op c 1 t . p .56 
by author 
by author
Energy con se rv a t i on  in Hot 
Climates by Ocelet Holm p . 23
D.
H.
by
B u’lding C l i mat e and Energy 
by T.S. Markus and E.N. 
Mo rr is  p . 84
GRAPHS SOURCF
Gr.’ph n" Sour re
1 by author
2 by author
3 by author
4/10 Print-outs from "Quick
lemp" Thermal P er f o r m a n c e
Tests
0
FIGURES SOURCE
Fig.n" Source Fi g .n° Source
5 1 • Wi ndow s and E n v i r o n m e n t  by 
Pi lki ngt on Bro the rs Limited
19. Rural Shel ter  in S outhern Africa 
by Fr anc o Fr es cu r a  p . 73
p . l .35 2 0 . op ci t . p . 11 0
2 . op ci t . p . 1.38 21 a). op c i t . p .44
3. op c i t . p . 1.41 21 b) . op ci t . p .44
4. op ci t . p . 1.40 2 2 . Ar qu it e c t u ra  Popular P ort ugu esa
5. op ci t . p . 1.42 by S i n d i ca to  dos Ar q u it ec t o s
6 . op ci t . p .1.36 Port ugu ese s
7. 23. op ci t .
8 . Design with C li mat e by Victor 
Olgy ay p . 4
24. Frank LIoyd W r igh t- Usonian Houses 
by John Sergeant, p . 53
9. Bu ilding Climate and Ene rgy  by 
T.A. Markus and E.N. Mo rri s
25. Building Climat e and Energy by 
T.S. M ar k u s  and E.N. Mor ris  p. 9
p. 142 26. Le C o r b u s i er  - The Com plete
1 0 . Design with Cl im at e  by Victor 
Olgyay p. 5
Archit ect ura l Works, Vol.l 
(19'"> 1 929) edit ed by Boesiger
1 1 . op c i t . p . 5 and O . S t o n o r o w  p . 35
1 2 . op ci t . p . 5 27. op ci t . p .177
13. Energy C on s e r v at io n  through 
Building Design by Donald 
Watson p . 3
28 a) . le C o rb u s i e r  - The Co mplete 
Archite ctu ral  Works, edited by 
Boesiger and 0. S ton or ow  V o l . 2
14. Design with C l ima te by Victor (1929 1934) p . 163
Olgyay p . 5 28 b). op ci t . p . 163
15. Building Climate and Ene rgy  by 
T.A. Markus and E.N. Morris
29. Climate and A rc h i t e c t u r e  by 
Jeffre y Ellis Aron in p . 24
p. 160 30. Windows and E n v i r on me nt  by
16. op c i t . p .162 Pi lki ngt on Br oth ers  Limited
17. Passive C o o lin g C o n f eren ce,  
Miami P ro ce edi ngs  p . 177
p. 1.39
18. op ci t . p . 178
r IGtJRES SOURCE S (cont. )
n 9 . n” Source Fig.n" Source
31 . Mesure s du Temps et de 1 ' Es pac e 53. op c i t . p .266
by Samuel Guye et Hen ry Michel 54. op c i t . p .26 7
f i g . 224 55. op c i t . p . 268
3?. op c i t . f ig .231 56. H ou sin g C lim ate and Comfort by
33. op c i t . f i g . 22 2 Mart in Evans p . 56
34. E nc yc lop aed ia B ri ta nn i c a  p . 313 57. B ui ldi ng Clima te and Ene rgy  p. 159
by T .A . M a r cu s and E . N . Morri s
35. Mesures 
T . 80
du Temps et de 1 ' Espace
36. E nc ycl opa edi a B ri ta n n i c a p . 311
37. op c i t . p . 310
38. Mesu res  
f i g . 225
du Temps et de 1 1 Espace
39. op c i t . f i g . 232
40 a). op ci t . fig. 239
40 b). op c i t . T .84
41 . op c i t . f i g . 244
4?. op c i t . fig .245
43. op ci t . fi g . 253
44. Hous i ng Cl imate and Comfort by
Martin Evans p . 46
45. op c i t . p.48
46. Standard E n c y c l o p a e d i a  of
Southern Africa p .259
47. op ci t . p . 261
48. op c i t . p . 261
49. op ci t . p . 262
50. op ci t . p . 263
51 . op ci t . p . 264
52. op ci t . p . 266
Worshipping
the
SUN
o

/This veneration is not with out  some 
j us tification, for were the sun to fail 
or were the radiation which it pours 
forth so pro fusely to undergo even a 
slight variation, life on farth would no 
longer be possible.
Before men u nde rst ood  what cause s an 
eclipse, the sudden d i s a p p e a r a n c e  of the 
sun was a fri gh t e n i n g phe nom eno n.
It seemed as though some s h ad ow y demon 
de vou red  the source of light and 
ev ery th in g  must be done to dispel the
From earliest times the Sun has been an 
object of veneration, revered by all the 
p eopl es of prim iti ve c iv il isa tio ns.
Men thus came to re c o g n iz e as vital that 
the Sun should con t i nu e to move along its 
p a t h .
0
/
i
forces of darkness.
F i g . 3.
The E g y ptia ns thought the sun was on a 
night journey, F i g . 1 .
f i g . 4 .
The A/tecs held that the sun w ould fail
if not c o n st a n t l y  placa ted  with the blood 
of men. F i g . 2.
For this they built m i g h t y  "pyramids", 
like those at Teot i huactin.
In their w ors hip  of sunlight, men have
built great shrines, aligned to gather
the sun's rays along special passages at 
a given moment.
F i g . 5.
The shrine at S to ne he n g e  is d esi gne d to
align the sun's rays at sunrise on summer
solstice, with the axis of the structure. 
F i g . 3.
The great hall of columns in the temple
of Karnak also gathers the sun's rays at
a special time. F i g . 4.
0
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